Recent observation to the afterglow of GRB051221A found a flat segment in the X-ray light curve around 0.1 day after the burst. This flat segment caused the flux increasing by a factor of 5 over the extension of a single power law decrease. It may be caused either by a strong energy injection or by contribution of a second outflow component. Such a two component jet could be formed if the initial ejecta launched in the double neutron stars merger or neutron star-black hole merger is neutron rich and magnetized. In this work we show that the multiband afterglows of GRB051221A could be well fitted by a two component model, provided that the shock physics parameters in different components are much different. This result suggests that GRB051221A might be the first detection of two component jet in short gamma-ray burst outflow.
Introduction
Gamma-ray Bursts(GRBs) are found falling into two distinct sub-groups: durations longer than 2 seconds with soft spectra are defined as long GRBs(LGRBs) and shorter than 2 seconds with hard spectra are short GRBs(SGRBs). Recently, it has been widely accepted that the LGRBs are driven by collapse of massive stars. One convincing evidence is the detection of the bright supernova component in a few local LGRBs (see Woosley & Bloom 2006 for a recent review). Several authors have pointed out that a LGRB outflow may not contain only a narrow collimated ultra-relativistic GRB jet, but also a wide mild-relativistic jet. Such a wide jet may cause flux increase in later optical or X-ray afterglows if strong enough, like GRB030329 (Berger et al. 2003; Sheth et al. 2003) and XRF030723 (Huang et al. 2004) . There are many possible ways generating two-component outflows in collapsars (see Peng et al. 2005 for summaries).
Different to LGRB, SGRBs are believed to be produced by merger of compact star binaries (Eichler et al. 1989; Narayan et al. 1992) . The simulations have shown that compact star binary merger can only provide short duration and low energy outflows which can only give rise to SGRBs (cf. Kluźniak & Ruderman 1998; Rosswog et al. 2003) . The compact star binaries may be originated from binary star systems in which the central compact objects remain bound through the supernova explosion. These compact star binary systems have been confirmed by observation as the famous PSR 1913+16 (Hulse & Taylor 1975) . They may contain of two NSs or a BH with a NS (Belczynski et al. 2002) . They will lose angler momentum through gravitation radiation and take 10 8 − 10 9 years to finally merger (Taylor 1994) . Recently, this view of SGRB origin is supported by observations(see Mészáros 2006 in review): 1) Their distribution in redshift space and among host galaxy types is similar to that of other old population objects. 2) They are not accompanied by any supernova explosions. 3) They are embedded in the low density environment. But like a LGRB, SGRB's final stages contain a compact central object (a NS or a BH) surrounded by a accretion disc. This system drive an outflow along the binary initial rotation axis. It is possible that the SGRB outflow also has the similar sub-structure found in LGRB relativistic outflow except for the supernova component.
There are two possible energy forms supplying a SGRB, gravitation binding energy and rotational kinetic energy, these energies then launch GRB outflows through neutrino annihilation or magnetism mechanism. There are two possible forms of outflows, radiation dominated fluid with baryons or Poynting flux. In all cases, simulations have shown that the center energy sources last activity only for seconds and then block out (Rosswog et al. 2002 , Aloy et al. 2005 . To the GRB people's surprise, recent early SGRB afterglow observation show much variability, as optical or X-ray flares in GRB050709 (Fox et al. 2005) , GRB050724 , or flux increase in GRB051221A (Soderberg et al. 2006 , Burrows et al. 2006 . Which mean that either the central source is still activity after a very long duration (Fan, Zhang & Proga 2005a; Zhang et al. 2006; Dai et al. 2006; Gao & Fan 2006; Fan & Xu 2006) or the jet has very complex structure in temporal and spatial boundaries.
In this work, we propose a two component jet to interpret the X-ray flat segment detected in short GRB 051221A. In section 2, we discuss the possible physical scenario giving rise to such a two component jet. In section 3, we fit to the afterglow data numerically. We summarize our result with some discussions in section 4.
Two component jet model
Vlahakis, Peng & Königl (2003) introduced a two component jet of GRB in the supernova scenario. In this scenario, the central object formed through the supernova explosion remained stable as a rapidly rotating supramassive NS (SMNS) until has lost rotational support through electromagnetic and gravitational radiation. As the eventually collapsing of the SMNS to a BH which triggers the GRB, an accretion disc ∼ 0.1M ⊙ will form around the BH. It may contain the outer layer of the SMNS which were left behind when the central regions collapse, or matters to be shed centrifugally in the equatorial plane as the SMNS evolves. The disc mass mainly come from the SMNS's inner crust(the outer crust ∼ 10 −4 M ⊙ is negligible) which is neutron rich, with electron fraction
and A i are proton number, mass fraction and atomic mass number of species i). So the neutron-to-proton ratio in disc-fed outflow can be as high as 30.
The neutron rich outflow (with n/p ratio 30) will be accelerated under the magnetic and thermal pressure. At first neutrons coupled with protons through collisions until relative velocity between protons and neutrons has grown to ∼ c. The Lorentz factor of outflow at this decoupling point is about tens. The jet of the neutrons will drift under this Lorentz factor and later decay into protons. While the jet of protons will continue being accelerated to Lorentz factor about hundreds and collimated to a narrower angle by the electromagnetic force. The narrow jet contains only ∼ 3% mass but ∼ 30% of the injected energy (Vlahakis et al. 2003) . And a two component jet is then formed.
We argue that SMNSs are more likely to appear in NS binary merger remnants because they provide the central objects with very rapid initial rotational momentum. Comparing most of recent equations of state, it seems that a NS binary merger was more likely lead to a rotational supported NS, SMNS (uniform rotation supported) or hypermassive NS (differential rotation supported) than a BH (Morrison et al. 2004) . And simulations have shown that the debris disc with masses ∼ 0.1M ⊙ surrounding a BH can only fulfil durational and energetic requirements for a SGRB (Ruffert et al. 1997 ).
An strong magnetic field with a lower limit 2 × 10 15 G will form before the NS binary merger remnant collapse into a BH (Price & Rosswog 2006 ). This magnetic field will later accelerate and collimate GRB outflow. These conditions are quite similar to those calculated in Vlahakis et al. (2003) . Therefore it is quite reasonable that the outflow in SGRB is two component jet, and we will use it to fit the afterglow of short GRB051221A in next section.
3. Fit to the light curves 3.1. Analytical investigation GRB051221A located by Swift is one of the few SGRBs whose afterglows were observed in multi-band. Its duration is T 90 = 1.4 ± 0.2s (Cummings et al. 2005 ), peak energy is E p = 402 +93 −72 keV , the gamma-ray(20keV-2MeV) fluence is about 3.2 × 10 −6 erg · cm −2 (Golenetskii et al. 2005) . With the optical spectrometric measured redshift z = 0.5464 (Soderberg et al. 2006) , the total isotropic gamma-ray(20keV-2MeV) radiation of GRB051221A is about 2.4 × 10 51 erg, make it the most fluent SGRB and about 6 − 35 times higher than the others (Soderberg et al. 2006) . The Swift XRT began observing GRB051221A 88 seconds after the burst and found the bright, rapidly fading X-ray afterglow . The X-ray afterglow early decay index is α X1 = 1.16 (Burrows et al. 2006) . The GMOS start optical observation in r ′ band 2.8 hours after burst. The optical decay index is α opt = 0.92 ± 0.04 (Soderberg et al. 2006 ).
To conjoin optical and X-ray flux with two joint power law (p − 1)/2 and p/2 at ν c requires ν c = 2 ± 1 × 10 17 Hz at 1 day (Soderberg et al. 2006) , happen to lie in X-ray observation band(0.3-10keV). From early X-ray decay index(100-2200s), we found electron index p = 1 − 4α X1 /3 = 2.55 +0.12 −0.23 (ν c ∝ E −1/2 t −1/2 is over the X-ray observation band). And later 2.12
−0.12 (ν c happen to falling in the X-ray observation band), or by optical decay index p = 1 − 4α opt /3 = 2.23 ± 0.05(ν c is above optical band).
Different to previous calculations (Burrows et al. 2006 , Fan & Xu 2006 , we take different electron power law distribution index p for before and after the flat slope 1 , this possibility is also mentioned in Burrows et al. (2006) . It is because: 1)The joint optical and X-ray spectra and light curves imply that the cooling frequency is passing through the X-ray band(the increase of isotropic kinetic energy at the flat slop, no matter caused by energy injection or wide jet, will not change the cooling frequency significantly), the decay index should increase 1/4 if p was not changing, but the observed decay index was decreasing. 2)Comparing later optical decay index α opt = 0.92 ± 0.04 = (3p − 3)/4 to early X-ray decay index α X1 = 1.16
+0.23
−0.17 = (3p − 3)/4(both below ν c ), we found the later electron index p is somewhat smaller. 3)The calculations using unchanged p is poorly fit to early decay observation, see figure 3 in Burrows et al. (2006) and figure 1 in Fan & Xu (2006) .
Numerical calculation of afterglow
Based on these analysis, we use a two component jet model to do out numerical calculation for multi-band flux of GRB051221A afterglow. It composes of a narrow ultra-relativistic jet and a wide mild-relativistic jet. This two component jet crashes into and is slowed down by low density uniform interstellar medium, forming forward and reverse shock. The collisionless shock will accelerate electrons to relativistic velocity and amplify random magnetism, a fraction of energy goes into electrons(ǫ e ) and magnetism (ǫ B ). Electrons will lose energy through synchrotron and inverse Compton radiation. We have established a elaborate numerical calculation for GRB outflow evolution and radiation (see Yan et al. 2005 for more details). In our calculation, the outflow dynamical evolution is solved from a set of differential equations(equations(1)-(4)) including radiation lose(ε):
Here, the subscript stand for corresponding regions of:(1)the unshocked ISM, (2)the shocked ISM, (3)the shocked shell material and (4)the unshocked shell material (Sari & Piran 1995) 
2 is the outflow original Lorentz factor. β RS is the velocity of reverse shock.
E i is kinetic energy in observer frame. U 2 = (γ 2 −1)m 2 c 2 and U 3 = (γ 34 −1)m 3 c 2 are internal energy.
We calculated the synchrotron radiation in both forward and reverse shock, considering (Sari et al. 1998 , Huang et al. 2000 : (1)Electrons are accelerated to a power-law distribution with minimum and maximum Lorentz factors. (2)The actual electron distribution is affected by radiation lose. (3)The synchrotron spectrum is broken power-law divided by three breaking frequencies, ν a , ν m and ν c . (4)The isotropic synchrotron radiation in the comoving frame is transformed to observer frame with real time local Lorentz factor. (5)The observed flux is integral of patches on the equal arriving time surface. (6)The synchrotron self-Compton effect will reduce the cooling Lorentz factor by 1 1+Y (Sari & Esin 2001 , Wei & Lu 1998 
Fit to observation of GRB051221A
To fit multi-band observation of GRB051221A afterglow with the two component jet model introduced in section 2, we made one more assumption: shock physics parameters (ǫ e , ǫ B ) of the wide component are different to those of the narrow one. Previous works on two component jet models simply assume the two components having same shock physics parameters (e.g. Berger et al. 2003; Sheth et al. 2003; Huang et al. 2004) . Calculations under this assumption can also reproduce the afterglow of GRB051221A well, but the ratio of total energy of narrow and wide component is 1:30, which is inconsistent with the simulation of GRB outflows (Vlahakis et al. 2003) . But taking same shock physics parameters in two different components of outflow is not necessary, especially when they have quite different initial conditions. The shock physics parameters could be much different for different GRBs, and also possibly changing with the outflow evolution in one GRB, as found in the GRB afterglow modelling (Panaitescu & Kumar 2001 , Yost et al. 2003 . The two components with different conditions might also be much different in shock physics parameters. Figure 1 shows our numerical calculation under this assumption. We take the total energy of the narrow jet 1.44 × 10 49 ergs beaming into half opening angle 0.03(isotropic energy 3.2 × 10 52 ergs), with lorentz factor 500, and take the wild one 4.75 × 10 49 ergs beaming into half opening angle 0.1(isotropic energy 9.5 × 10 51 ergs), with lorentz factor 50. The uniform surrounding medium number density is chosen 0.01. The energy fraction of electron (ǫ e ) are chosen 0.09 for narrow jet and 0.3 for wide jet, and of magnetism (ǫ B ) are 0.003 for narrow jet and 0.01 for wide jet. The electron distribution index p for narrow and wide are 2.8 and 2.2. These parameters accord with that the narrow jet contains only ∼ 3% baryon mass but ∼ 30% inject energy, and that the neutron component is decoupled at Lorentz factor about tens while proton component keeps being accelerated to Lorentz factor about hundreds.
Summary and Discussion
In this work we show that the multi-band afterglows of GRB051221A could be well fitted by a two component jet model. Such a two component jet can be formed if the disc-fed outflow is neutron rich and magnetized (Vlahakis et al. 2003) . To reproduce the afterglow data of GRB051221A in this scenario, we need to assume that the shock physics parameters are different for the two different initial condition components. This is somewhat unpopular but quite reasonable. As found in the GRB afterglow modelling (Panaitescu & Kumar 2001; Yost et al. 2003; Fan & Piran 2006) , the shock physics parameters are much different from burst to burst, and also might be variable as the afterglow evolve. The good quality fit to the afterglow data in turn suggests that the initial ejecta launched in the double neutron stars merger or neutron star-black hole merger is neutron rich and magnetized. This is the first time to find a possible evidence for a neutron-rich outflow in short GRBs (for the long GRBs, a possible evidence for the neutron-rich outflow has been reported in Fan et al. 2005b) .
The neutron component is not the only possibility to produce a two component jet in SGRB. Both neutrino annihilation and magnetic mechanisms could provide adequate energy for SGRB in NS binary merger scenario. They may be active at the same time, but their driving outflows neither necessarily beaming in the same direction nor having same Lorentz factor. It is promising to form a two component jet, and maybe one mechanism produced the GRB early prompt emission but the other only contribute to late afterglow (Rosswog et al. 2003; Price & Rosswog 2006 ).
The dense disc plays a important role as dense walls to form collimated GRB outflow (Rosswog et al. 2003) . In some cases, mixing instabilities at the walls could spoil the jet with baryons and result in a non-relativistic "dirty" fireball(or failed GRB), rather than a proper GRB fireball(or successful GRB) (Rosswog et al. 2003) . We argue both successful and failed GRB might have happened in one burst. At first, the central hollow disc is stable and provide the wall to form collimated GRB outflows. Then, it changes to unstable soon after the early outflow produced. And the consequent outflow is more baryon loaded and less collimated. The earlier outflow may provide GRB prompt emission while the later component may only be observed in later afterglow. But more detailed simulations on these processes are requested before they can apply for afterglow calculations.
Although the two component jet model likely appear in SGRB outflow, it's still not unique to account for the afterglow data of GRB051221A. In fact, both the energy injection model (Burrows et al. 2006; Fan & Xu 2006; Soderberg et al. 2006 ) and the two component jet model can reproduce the light curves quite well. In principle, there could be a method to distinguish them by observation-In the two component jet model, the first jet break might be observed when the edge of the narrow component enters our line of sight. The lack of a detection of the first jet break renders the energy injection model possibly. More detailed simulation on the energy release mechanism, outflow formation dynamics and component in the outflow or more particular muti-wavelength observation is required to distinguish these two models. 
